Neurotoxicity may be an overlooked consequence of benzo[a]pyrene exposure that is relevant to human health risk assessment.
Benzo[a]pyrene (BaP) is a well-studied environmental compound that requires metabolic activation to have a carcinogenic effect. The neurotoxicity of BaP has received considerably less attention than its carcinogenicity. Environmental exposure to BaP correlates with impaired learning and memory in adults, and poor neurodevelopment in children. We carried out a comprehensive literature review to examine the neurotoxicity of BaP. The data were used to identify potential point of departure (POD) values for cancer and neurotoxicity endpoints using benchmark dose (BMD) modelling to compare the utility of both endpoints in the risk assessment of BaP. The POD for neurotoxicity in rodents, based on a standard behavioural test (Morris water maze), was 0.025 mg BaP/kg-bw-day compared to 0.54 mg BaP/kg-bw-day for rodent forestomach carcinogenicity, suggesting that neurotoxic endpoints are more sensitive than cancer endpoints for health risks associated with BaP exposure. Using the limited number of published studies on this topic, we propose a preliminary mode of action (MOA) to explain BaP-induced neurotoxicity in rodents. The MOA includes: (1) BaP binding to the aryl hydrocarbon receptor (AHR); (2) AHR-dependent modulation of the transcription of N-methyl-d-aspartate glutamate receptor (NMDAR) subunits; (3) NMDAR-mediated loss of neuronal activity and decreased long-term potentiation; and (4) compromised learning and memory. More data are needed to explore the proposed neurotoxic MOA. In addition, we consider alternative MOAs, including the hypothesis that BaP-mediated DNA damage may lead to either carcinogenicity or neurotoxicity, depending on the tissue. Our proposed MOA is intended to serve as a basis for hypothesis testing in future studies. We emphasise that further studies are needed to validate the proposed MOA, to evaluate its human relevance, and to explore other potential mechanisms of BaP neurotoxicity.